Introduction
The aim of this paper is to study a Hamiltonian structure of the Yang-Mills theory. Many authors have worked on a geometric formulation of Hamiltonian theory (cf. [2, 3, 8, 9] and references therein). The approach of the calculus of variations on fibered manifolds which is based on Krupková's concept of a Lepagean (n + 1)-form generalizing Krupka's concept of a Lepagean n-form is adopted (n is the dimension of the base manifold of the fibered manifold). This approach opens a possibility to regularize a Lagrangian whose standard Hessian is singular, it is the case of the Yang-Mills Lagrangian too.
This informative paper is organized as follows. In Section 2, a survey of the general variational theory [1, 5, 6 ] is given and the results involving a Hamiltonian field theory [10, 11] needed in the Yang-Mills theory are summarized. In Section 3, a Hamiltonian system associated with the Yang-Mills theory is presented and Legendre transformation after the regularization is performed.
Lagrangian and Hamiltonian theory on fibered manifolds
Recall our standard notation [5] [6] [7] [8] [9] . We have a fibered manifold π : Y → X , and write 
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We denote ω 0 = dx For a Lagrangian λ = Lω 0 ∈ Ω 1 n, X W which is singular in the standard sense, i.e. the regularity condition det(
at each point of W 1 is not satisfied, we can consider its simple regularization ρ ∈ Ω 1 n W , defined as a Lepagean equivalent of λ, such that ρ is at most 2-contact, p 2 ρ = p 2 β for a π 1,0 -projectable form β ∈ Ω 1 n W , i.e. using a fibered chart 
where (σ , i) labels rows and (ν, j) labels columns. The next statements were proved in [10, 11] . Euler-Lagrange equations are equivalent.
Hamiltonian Yang-Mills theory
We shall analyze a Hamiltonian system for the Yang-Mills theory. Let C be the bundle of principal connections on the principal fiber bundle (P , p, X, G) over a spacetime (X, g).
where g ij are the components of a Lorentzian metric g, we denote g = | det g ij | for simplicity, R P ij
is the curvature (field strength) of the principal connection (Yang-Mills field) Γ
P i
and h denotes an Ad-invariant form on the Lie algebra g, i.e. invariant with respect to the adjoint representation Ad of the Lie group G in the sense that for all g ∈ G, X, Y ∈ g the relation h(Ad g (X), Ad g (Y )) = h( X, Y ) holds, h P Q are the components of an Ad-invariant form on the Lie algebra g. In particular, we suppose the Lorentzian metric g to be fixed from the beginning (compare with [12, 13] ).
Since the Yang-Mills Lagrangian is singular in the standard sense for any Ad-invariant form h and any spacetime, we try to regularize it using the Lepagean equivalent (3) with g's given by
Let us introduce the following notation:
and its inverse f
We denote the contact forms by η
j . Furthermore, we denote by
the components of the covariant derivative (with respect to a prolongation [4] of the principal connection with respect to the Levi-Civita connection), the Christoffel symbols are given by Γ i jk 
and it is its regularization. The momenta are given by
The 
